INTRODUCTION
The existing empirical prediction formulae to determine the wave overtopping characteristics are mainly based on the laboratory measurements with the use of an impermeable foreshore slope in front of the structure. Recently, EurOtop (2016) , an updated version of previous overtopping manual has been published with revised empirical equations to estimate mean overtopping discharge rates at plain vertical walls with and without foreshore, see Equations 1 -3 considering a foreshore slope in front of the vertical wall. where, H mo is the spectral significant wave height, R c is the crest freeboard of the structure, h is the water depth at the toe of the structure, g is the gravitational acceleration (=9.81 m/s 2 ), q is the mean overtopping discharge per meter structure width, L m−1.0 is the wave length based on spectral wave period T m−1.0 and s m−1.0 is the statistical wave steepness.
As past studies were mostly carried out at vertical seawalls on a fixed impermeable bed, little knowledge is available on the performance of these processes at coastal structures on a permeable shingle beach. This study presents the baseline overtopping characteristics at a plain vertical wall on an impermeable 1:20 foreshore slope, and compares the results with existing empirical predictions (EurOtop, 2016) . In this paper, only the results on mean overtopping discharge and mean sediment rate at vertical walls are reported. (2018) A 1:50 length scale was applied to generate random sea wave conditions within the flume. For this study, a matrix of 180 test conditions (wave steepnesses, crest freeboards, water depths, shingle sizes) was performed to investigate overtopping and toe scouring at vertical seawall under both breaking and non-breaking conditions, see Table 1 . All the tests are performed with 1000 random waves using a JONSWAP energy spectrum. For the tests on a permeable beach, the sloping foreshore was built with the use of shingle beach materials. In this work, filtered anthracite coal was used as beach materials to represent a permeable shingle bed in front of a vertical seawall. The filtered anthracite crushed coal has a specific gravity of 1.40. As per method described by Powel (1990) , at a 1:50 scaling, model beach materials d50 of 2.10 mm and 4.20 mm are designed to represent prototype grain diameter d50 of 13 mm and 24 mm respectively. Figure 2 compares the measured mean overtopping rates at a plain vertical wall on shingle beds with overtopping characteristics observed in reference case (impermeable bed) under impulsive conditions. The resulting data points correspond to impermeable bed show an overall good agreement with the empirical predictions for breaking wave conditions. A noticeable reduction on the mean overtopping rate can be reported in Figure 2 with the use of permeable shingle beds when compared with the test results on solid beach configurations. The maximum reduction was observed for the experiments with largest size of shingle beach (d50 of 24 mm). The 'best-fit' analysis (Rc/Hm0 ≥1.35) on the tested conditions showed that the overtopping discharges were reduced by approximately a factor of 3 for shingle beach of d50 of 13 mm and around a factor of 4 for shingle beach of d50 of 24 mm, when compared to the empirical prediction of EurOtop (2016) for impermeable beach configurations (Equation 3). Figure 3 shows a comparison between the average overtopping rate at plain vertical walls on the shingle foreshores and impermeable foreshore under nonbreaking wave conditions. The results of this study showed that permeable shingle foreshore provides a reduction in the overtopping discharge at vertical seawalls, compared to solid beach configuration. A 'bestfit' analysis was performed on the shingle bed data under non-impulsive conditions which showed that for the tested conditions, average overtopping rates were reduced by approximately a factor of 1.5 for shingle bed of d50 of 13 mm and about a factor of 2 for shingle bed of d50 of 24 mm when compared to the empirical prediction (Equation 1) of EurOtop (2016). For the experiments with mobile shingle beds, alongside the mass of overtopped water, the mass of overtopped sediment was simultaneously measured to determine the average overtopping sediment discharge. In Figure 4 , the measured average overtopping rate of sediment and water at a plain vertical wall on a shingle foreshore is plotted against the relative freeboard of the structure, subjected to impulsive wave conditions. It should be noted that the overtopping of sediment was not observed for the tested conditions on non-impacting and impacting waves (h 2 (H m0 L m−1,0 ) ⁄ > 0.03). Overall, the data points in Figure 4 demonstrate that measured volume of sediment passing the crest of the structure is around 1% of the volume of overtopped water. However, one of the main impression from this graph is one of very scatter therefore based on the test results it is not possible to derive an empirical relationship through best-fitting analysis for the estimation of sediment.
CONCLUSIONS
Detailed measurements have been carried out to parameterize the mean overtopping rate and mean sediment rate on a plain vertical seawall, for both impermeable and mobile shingle beach configurations. Within experimental limitations, the resulting overtopping characteristics correspond to solid impermeable bed showed an overall good agreement with the predictive method of EurOtop (2016) under both impulsive and nonimpulsive wave conditions.
The results of this study demonstrated that the mean overtopping rate is reduced by factor 3 and 4 for d50 of 13 mm and 24 mm respectively under impulsive conditions, when impermeable and permeable shingle beaches are compared. The observed reduction factors were 1.5 for d50 of 13 mm and 2 for d50 of 24 mm for non-breaking wave conditions. Under breaking conditions, in the range of h 2 (H m0 L m−1,0 ) ⁄ < 0.03, the measured volume of sediment passing the crest of the seawall was around 1% of the total volume of the overtopped water.
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